In this paper, a new model for suppressing jammers to GPS receivers is proposed. In the model, circular antenna arrays combining minimum norm (min-norm) 
INTRODUCTION
The GPS receiver is the best device in the field of navigation to give a very accurate user position. Therefore, it is used in many civilian and military applications. Interference from radar systems and other devices affects civilian use and intentionally used jammers affect military use; accordingly increasing the protection against intentional and unintentional interference is required. The received GPS signal is about -160dBW, i.e., it is below the receiver thermal noise power by about 20-30 dBW (Kaplan, 1996) . The adaptive antenna ( Figure 1 ) is suitable to cancel these types of jammers. It utilizes some cancellation techniques for determining the jammer direction based on its power such as power inversion (PI) (Compton, 1971; Schwegman, et al., 1972; Zahm, 1973; Compton, 1979) multiple signal classification (MUSIC) (LU, et al., 2001) , and Minimum Norm Algorithms (Kumaresan, et al., 1983) . When dealing with GPS anti-jam, the main purpose of the adaptive antenna is to reduce the jamming signals up to a level where the spread spectrum mechanism can extract a useful signal. The LCMV algorithm is one of the most efficient algorithms for canceling a jammer from an unknown direction. The new signal anti-jamming model structure is introduced in section 2. In section 3, the main algorithms used in this paper, such as minimum norm and LCMV, are introduced. Section 4 gives the simulation results. Finally the conclusion is given in section 5.
MODEL STRUCTURE FOR GPS ANTI-JAMMING
There are different types of antenna arrays, such as M-elements linear array, M-elements circular array, rectangular array, etc. The total electric field radiated by an antenna array can be given as: 
Minimum norm algorithm
Consider the received signal at M-elements uniformly spaced circular array is linear combination of all the far field incident signals and noise. Thus,
× vector represents the antenna array received signal.
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a matrix contains the steering vectors associated to the incident signal. y is the output of the array antenna given by the weighted sum of the array antenna received signal.
× vector consists of an independent Gaussian noise of variance σ 2 and includes channel noise, receiver noise and antenna elements noise.
Because the GPS signal is very weak; it lies in the noise subspace. Therefore, the received signal is mainly determined by the noise and the jammers. It is assumed that the jammer signals are independent of each other and independent of thermal noise. If the vector w is linear combination of the M -L noise subspace eigenvectors, then it has the property that:
Then there is a polynomial (Kumaresan, et al., 1983; Kumareasan, 1983) that has L of its zeros at ( ) 
Let (5) Minimizing G is the same as minimizing
The autocorrelation matrix can be written in terms of its eigenvalues and eigenvectors as follows
Where in， ( )
Linearly constrained minimum variance (LCMV) algorithm
The main objective of LCMV is to minimize the mean squared output ( 
The solution to (11) is given as:
When there are no useful or jammer signals and only uncorrelated noise, (12) can be written as:
Where ( )
For adaptively calculating the weight vector, we use Lagrange multipliers to change the constrained equation (11) to unconstrained one, then:
Minimizing the output power means taking the gradient of (14) 
Using both (15) and
, which is the constraint part of (11) 
Using (16) in (17) ( )
Considering the instantaneous value of the autocorrelation matrix so, (18) can take the form:
where (n) (n) (n) H y = w x .
SIMULATIONS
Computer simulations were performed using six useful GPS signals each with power -160dBW coming from six different directions and two jammers each with different power coming from two different directions. The six useful GPS signals' incident directions were assumed to be coming from: The requirement is to achieve un-attenuated response to the directions of the useful signals and nullify the jammer coming from fixed directions with fixed power. The antenna elements assumed to be uniform and spaced equally along a circle. The number of elements in the circular antenna array is varied. So the constraint response takes the form:
( ) Case 1: Two jammers come with power -120dBW and -100dBW respectively. The corresponding signal to jammer plus noise ratio at the input for the two jammers are 0.0001and 0.000001 respectively. The power pattern levels for the jammer signals according to the number of antenna elements are summarized in Table 1 . Journal, Volume 6, Supplement, 27 October 2007 From Table 1 we can see the difference between two jammers according to the number of antenna elements. When the number of antenna elements is 30, the weak jammer from 60 90 is -238dB. The strong jammer is suppressed about 11dB deeper than the weak one. In this case, the nulls depth suppressed by a linear antenna array is only-119dB (Chinese Journal of Electronics, 2005) . There is nothing shown in the antenna power pattern figure when the number of antenna elements is small other than the total number of jammers and useful GPS signals.
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Case 2: This case is exactly like case (1), but the power of the two jammers is varied. The simulation was performed using 15 elements in a uniform circular array with elements equally spaced along a circle. The power pattern levels for the jammer signals according to the variational power are summarized in Table 2 .
From Table 2 , it can be seen that the circular antenna array combining with minimum norm and LCMV algorithms can highly suppresses the jammers. The strong power jammer is more deeply suppressed than the weak one. When the power of the jammers is closer to the GPS signals, however, it is very hard to find the accurate direction of the jammers. 
CONCLUSION
The circular antenna array combining with minimum norm and LCMV algorithms can be very efficient in suppressing the signal gaining in the direction of jammers. The modeling results show that the greater the number of antenna elements used, the better the result for suppressing the jammers gain. It also indicates that the stronger power jammer can be suppressed higher than the weak one. This is very hard to do when the power of the jammers is closer to the GPS signals.
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